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{57} ABSTRACT
A hydraulic motor-pump assembly having an axial
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chamber formed therein, a pair of relatively rotation-
ally and orbitally movable gear members disposed
within the chamber, forming expanding and contract-
ing fluid pockets between the teeth thereof and vari-
ous fluid ports and passages for directing fluid, under
relatively high pressure, through the housing and to
and from the respective fluid pockets in synchronism
with the relative movement of the gear members, and
a work input-output shaft being connected by a wob-
ble shaft, to one of the gear members for joint rotation
with successive gear members, whereby the input-
output shaft is subjected to operating forces tending to
impart eccentric movement thereto, a fluid sealing

. structure being disposed at the input-output shaft and

comprising a relatively resilient sealing ring, subjected
at one side thereof to the relatively high fluid pressure
in said chamber, with such sealing ring being backed
at the low pressure side by a pair of cooperable mem-
bers, one of which has a relatively minimum clearance
with respect to the adjacent portion of the housing
whereby said resilient sealing ring is operatively
backed at the low pressure side thereof substantially
through its radial area.

14 Claims, 2 Drawing Figures
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1
HIGH PRESSURE ROTARY SEAL BACKUP

BACKGROUND OF THE INVENTION

The invention is directed to a hydraulic motor-pump
assembly of the type illustrated in U.S. Pat. No.
3,616,882 to Harvey Clinton White, assignor to TRW,
Inc. the assignee of the present invention, the subject
matter of which is hereby incorporated by reference.

Briefly, hydraulic motor-pump assemblies of the type
here involved and as illustrated in the reference paterit
comprise a housing having a chamber formed therein
in which a pair of gear members are disposed for rela-
tive rotational and orbital movement, forming expand-
ing and contractinig fluid pockets between the teeth
thereof, and various fluid ports and passages for direct-
ing fluid under relatively high pressure through the
housing and to and from the respective fluid pockets in
synchronism with the relative movement of the gear
memnibers.

A work input-output shaft is provided which func-
tioris as an input shaft to which power is applied in the
event the structure is employed as a pump, and which
forms the output or drive shaft of the structure in the
event it is employed as a hiydraulic motor. Such shaft
is suitably connected by a wobble shaft to one of the
gear meribers for joint rotation therewith, and as a re-
sult of which thé input-output shaft is subjected to op-
eratifig forces tending to impart eccentric movement
thereto.

As the shaft may be subjected to very high internal
fluid pressures it is necessary to provide a suitable seal
between the rotatable input-output shaft and the adja-
cent portion of the housing structure through which the
shaft extends and as a result of the eccentric movement
of thié wobble shaft, the input-output shaft may be sub-
jected to operating lateral forces tending to impart ec-
centric movénient thereto, producing lateral forces on
the seal, tending to extrude the same into any clearance
gaps etc.

The primary sealing member must have suitable resil-
iency to provide adequate sealing engagement with the
opposed faces of the shaft and housing between which
the seal is to be effected, as well as to accommodate
any lateral movement between such faces. At the same
time the resilient sealing member must be retained in
operative position even under the subjection of rela-
tively high fluid pressures, as for example, on the order
of 3000 psi. Consequently, it is necessary to back the
resilient sealing member, at the low pressure side
thereof, by means of a suitable structure capable of
mairtainirig the sealing riember in operative position.
A problem imniediately arises in this connection as it
is necessary to provide suitable clearances between
non-resilient, relatively rigid backing members and the
opposed faces or walls of the shaft arid housing. Clear-
ances of the type referred to involve both ¢learances
necessary to accommodate required tolerances in man-
ufacturé, as well as clearances necessary to accommio-
date any operational lateral movement between the
shaft and housirig. It will be appreciated that, under the
high pressures to which the sealing memiber is sub-
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jected, suich a member will readily tend to flow or ex-

trude into any available clearance spaces of a size
which will accommodate the same. This problem is fur-
ther aggravatéd where the shaft may have imparted
thereto the described lateral or eccentric movertients,

65

2

resulting in a more or less kneading action on the resil-
ient member.

BRIEF SUMMARY OF THE INVENTION

The present invention is therefore directed to a hy-
draulic motor-pump assembly incorporating a novel
sealing structure which overcomes the problems re-
ferred to, resulting in a very efficient seal with respect
of the high fluid pressures involved and at the same
time produce a seal which will have a relatively very
long operational life, thereby enabling the production
of a hydraulic motor-pump assembly of an extremely
durable construction.

The desired results are accomplished in the present
invention by the utilization of a relatively resilient seal-
ing member i combination with a pair of relatively
non-resilient annular backup members at the low pres-
sured side of the seal, which members are so con-
structed that they cooperate in effectively supporting
and retaining the resilient sealing member at the outer
or low pressure face thereof, substantially throughout
its radial area thereat, with clearances between the
backup structure and the surfaces of the respective
members in sealing engagement with the resilient seal-
ing member, i.e. the shaft and housing, being reduced
to substantially a bare minimum consistent with neces-
sary manufacturing tolerances, and at the same time
permitting the resilient member to accommodate any
eccentric or lateral movement relative to the sealing
member,

In the example of the invention illustrated one of the
annular members has substantially a minimum clear-
anice with respect to the sealing face of one of the mem-
bers, for example the shaft, and the other of such annu-
lar members has substaritially minimum clearance with
respect to the adjacent sealing face of the other of the
relatively movable members, for example, the housing
with each of such annular members being provided
with a clearance between it and the opposed wall of the
other member sufficient to accommodate any such ec-
centric or lateral movement at the sealing member.

In the preferred form of the invention illustrated, the
axially outermost annular member is provided with
such a minimum clearance with respect to the rotatable
shaft, and is constructed of a copper-tin alloy which is
oil impregnated, while the other of such annular mem-
bers is in the form of a relatively very thin annular
shaped shim, for example having a thickness on the
order of .01 inch and having a relatively minimum
clearance between the outer edge of it and the adjacent
opposed face of the relatively stationary part, i.e. the
housing.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings wherein like reference characters in-
dicate like or corresponding parts:

FIG. 1 is a longitudinal or axial sectional view
through only a portion of the hydraulic power device
such as illustrated in the reference patent; and

FIG. 2 is an enlarged sectional view through the seal-
ing structure, illustrating details thereof.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

As fully described in the reference patent, a hydrau-
lic. motor-pump assembly of the type hereinvolved
briefly comprises a housing having a chamber formed
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therein, a fluid inlet and a fluid outlet likewise being

formed in the housing for directing fluid to and from
the chamber. Disposed within the chamber is a gerotor
gear set, including an internally toothed stator and an
externally toothed rotor within the stator, which rotor
has one tooth less than the stator, relative orbital and
rotational movement between the stator and rotor
forming expanding and contracting fluid pockets be-
tween the teeth thereof.

A work input-output shaft having a drive sleeve, at its
inner end, is journaled in the housing on a bearing
member for rotation of the shaft and sleeve on a fixed
axis, which is operatively connected to the rotor by an
intermediate wobble shaft, rotatable upon an axis inter-
secting the axis of the work input-output shaft at said
drive sleeve, with such axis defining a conical surface
of generation as the wobble shaft rotates, whereby such
input-output shaft is subjected to operating forces tend-
ing to impart eccentric movement thereto.

Referring to FIG. 1 of the drawings, the reference nu-
meral 1 designates generally a portion of a hydraulic
power device comprising a relatively stationary housing
indicated generally by the reference numeral 2 from
which extends a rotatable shaft 3, which, depending
upon the function of the hydraulic device as a driving
motor or a driven fluid pump, may form the drive shaft
of such a motor or the driven shaft of such a pump. As
illustrated, the shaft 3 is in the form of a stub shaft hav-
ing an enlarged inner end portion forming a drive
sleeve 4, provided with an axially extending bore §, in
which is disposed the adjacent end of the wobble shaft
6, the latter being suitably connected to the sleeve 4 for
the transmission of rotary motion therebetwen by suit-
able means, for example cooperable splines 7 formed
respectively on the end of the shaft 6 and opposed side
walls defining the bore 5, the construction being such
that rotary motion is effectively transmitted from one
shaft to the other but at the same time the shaft 6 may
pivot with respect to the axis of the shaft 3, producing
a wobbling or eccentric movement.

In the construction illustrated the shaft 3 is supported
for rotary movement, relative to the housing 2, by a
needle or roller bearing assembly, indicated generally
by the numeral 8, with axisl thrust of the shaft 3, on the
housing 2 being accommodated by a thrust bearing, il-
lustrated as also being of needle type and indicated
generally by the numeral 9, which includes a bearing
race ring 10, abutting on an adjacent wall of the hous-
ing 2, with the respective needle bearing assembly 10
being scated on the annular face 11 of the sleeve 4.

The cylindrical sealing face 12 of the shaft 3 is dis-
posed in opposed relation with respect to an opposed
face or wall 13 of the concentric bore, cooperable to
form an annular space therebetween which is spanned
by a relatively resilient sealing ring 14.

The sealing ring 14, is backed at the low pressure side
thereof by a pair of annular-shaped backing members
15 and 16, successively axially disposed, with the mem-
ber 18 being positioned adjacent the outer face and
thus at the low pressure side of the resilient sealing
member 14. The member 16 is adapted to be retained
in axially fixed relation with respect to outwardly di-
rected forces thereon by a spring retaining washer 17,

As illustrated in greater detail in FIG. 2, the sealing
member 14 is of generally rectangular configuration in
transverse cross section and is provided at the fluid
pressure side thereof with an axially inwardly directed

15

20

25

30

35

40

50

55

60

4

shaft-engaging collar 18, integrally formed with the
member 14, and in effect forming a sealing lip upon
which the fluid pressure is acting on the circumferential
face thereof in a radially inward direction toward the
axis of the shaft 3, thus applying a sealing pressure
thereon and forming an effective seal for the preven-
tion of fluid flow between the resilient member and the
shaft surface.

The outermost face of the sealing ring 14 bears on
the adjacent face of the member 15, which, in the em-
bodiment illustrated, is formed from very thin metal
stock and thus may be termed a ‘‘shim member.”

As will be apparent from reference to FIG. 2 the
member 15 is provided with an outer diameter that sub-
stantially corresponds to the diameter of the bore 13,
having only such clearance as necessary to accommo-
date manufacturing tolerances and insure proper coop-
eration with the member 16. It will be noted, however,
that the inner diameter of the annular member 15 is
considerably greater than the external diameter of the
sealing face 12 of the shaft 3 to provide adequate clear-
ance therebetween to accommodate any relative radial
movement between the shaft 3, and the housing 2,
without engagement of the shaft with the member 15,

The member 16 is provided with a generally L-
shaped transverse cross section having a downwardly
depending leg portion 20 and a radially outwardly ex-
tending leg portion 21 with the outer cylindrical faces
22 and 23 of the member 16 being connected by a gen-
erally conical wall 24 with the walls 22, 23, and 24 thus
being generally complemental to the corresponding op-
posed walls of the housing 2. It will be noted, however,
that the member 16 is provided with a minimum clear-
ance between the radially inner face of the member and
the adjacent surface of the shaft 3, again consistent
with manufacturing tolerances and free rotation of the
shaft 3 with respect to the member 16.

The retaining member 17 may be in the form of a ra-
dially split, spring washer of standard construction
adapted to be circumferentially compressed, by means
of a suitable tool, to enable its insertion into a retaining
groove 25 formed in the adjacent wall of the member
2, with the inner portion of the retaining ring bearing
on the outer face of the member 16, whereby the latter
and thus the member 15, are retained in axially fixed
positions when subjected to axially outward forces ap-
plied thereto as a result of the high fluid pressures act-
ing on the sealing member 14,

I have found that an excellent composition for the
ring 16, is an alloy comprising 95 percent copper and
5 percent tin, with the formed ring being impregnated
with 30 SAE, MS oil.

It will be apparent from the above, that the backing
structure for the resilient sealing ring 14, comprising
the member 15 and 16, form an assembly which pro-
vides a support for the outer face of the sealing ring 14
substantially completely throughout the area thereof.
In this connection it might be pointed out that while a
clearance gap 19 is illustrated in FIG. 2 with respect to
the inner periphery of the member 18, the latter is
formed from relatively very thin metal and in actual
practice the sealing member 14 would effectively com-
pletely fill up such gap. In other words, the members 15
and 16 cooperate to form a backing member which ex-
tends, for practical purposes, from the face of the bore
13, to the face of the shaft 19, with no material clear-
ance that would permit a flow or extrusion of the mate-
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rial comprising the member 14, axially outward past
the members 15, 16. As previously mentioned, the
member 15 is formed from extremely thin material, the
thickness of which will depend upon the maximum
clearance between the outer periphery of the member
16, and the adjacent walls of the housing 2, such thick-
ness being sufficient to prevent undue deformation of
the outer peripheral portion of the member 15, under
the high pressure forces applied to the sealing ring 14,
whereby the member 15, will effectively prevent a flow
or extrusion of the material of the ring 14, into the
clearance space between the outer peripheral walls of
the ring 16, and adjacent side walls formed by the hous-
ing 2, or between the latter and the shaft 3. In actual
practice, where such clearance between the member
16, and the housing is on the order of .01 inches (plus
or minus suitable manufacturing tolerances), a thick-
ness of the member 15, on the order of .01 inches has
been found adequate for the purposes, i.e. a thickness
equal to or greater than said clearance.

It will be appreciated from the above description that
I have provided a pump-motor assembly including a
sealing structure effectively sealing the rotary input-
output shaft subjected to forces thereon which may be
reflected in lateral or eccentric movement thereof and
exertion of radial’y directed forces on portions of the
sealing assembly. However, the sealing structure of the
invention may also provide a solution to high pressure
sealing in other similar constructions, even where the
operating shaft may not be subjected to comparable
lateral forces, as for example, where for some particu-
lar reason normal clearances involved are such to cre-
ate a flow or extrusion problem with respect to a resil-
ient sealing member.

Having thus described my invention it is obvious that
although minor modifications might be suggested by
those versed in the art, it should be understood that 1
wish to embody within the scope of the patent war-
ranted hereon all such modifications as reasonably and
properly come within the scope of my contribution to
the art.

I claim as my invention:

1. In a hydraulic power device having an input-output
shaft subjected to operating forces tending to impart
eccentric movement thereto with respect to a fluid seal
subjected to relatively high fluid pressures, the combi-
nation of

said shaft having a portion of relatively small diame-

ter disposed in a relatively large-diameter bore, in
a relatively stationary part of the device forming an
annular space therebetween,

a relatively resilient sealing ring spanning said annu-

lar space,

a pair of axially successive annular members disposed

at the low pressure side of said sealing ring,

the outermost member of the pair having a relatively

large radial clearance between it and the adjacent
sidewall of said bore and a relatively small radial
clearance between it and said shaft,
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the innermost member of the pair having a relatively
small radial clearance between it and said bore and
a relatively large clearance between it and said
shaft, sufficient to accommodate any operational
eccentric movement of said shaft without engage-
ment therebetween,

and means for retaining the outermost member of the

pair in axially fixed relation with respect to out-
wardly directed forces applied thereto.

2. A device according to claim 1, wherein said inner-
most member is in the form of a shim member of rela-
tively very thin stock.

3. A device according to claim 2, wherein said shim
member has a thickness equal to or greater than the
large radial clearance.

4. A device according to claim 1, wherein said sealing
ring is provided with an axially inwardly directed shaft-
engaging collar at the fluid pressire side of said sealing
ring.

5. A device according to claim 1, wherein said outer-
most member is constructed of a copper-tin alloy, oil
impregnated.

6. A device according to claim 1, wherein said retain-
ing means comprises a split spring ring washer adapted
to be seated in a cooperable annular groove in said sta-
tionary part.

7. A device according to claim 1, wherein the outer
face of said outer member has a greater diameter than
the inner face thereof and is disposed in a counterbore
of greater diameter than said bore, said retaining means
being disposed in said counterbore.

8. A device according to claim 7, wherein said retain-
ing means comprises a split spring ring washer adapted
to be seated in a cooperable annular groove disposed
in said counterbore.

9. A device according to claim 7, wherein said coun-
terbore is connected with said bore by an outwardly di-
verging wall of conical configuration, the edge walls of
said outermost member having a configuration gener-
ally complemental to the sidewalls of said bore, coun-
terbore and connecting wall.

10. A device according to claim 9, wherein said seal-
ing ring is provided with an axially inwardly directed
shaft-engaging collar at the fluid pressure side of said
sealing ring.

11. A device according to claim 10, wherein said in-
nermost member is in the form of a shim member of
relatively very thin stock.

12. A device according to claim 11, wherein said
shim member has a thickness equal to or greater than
the large radial clearance.

13. A device according to claim 12, wherein said re-
taining means comprises a split spring ring washer
adapted to be seated in a cooperable annular groove in
said stationary part.

14. A device according to claim 13, wherein said out-
ermost member is constructed of a copper-tin alloy, oil

impregnated.
* * * * *



